In this paper, we estimate the impact of introducing a bonus-malus system on the probability of having automobile accidents, taking into account contract duration or the client mobility between insurers. We show that the new incentive scheme reduces accident rates of all policyholders when contract duration is taken into account, but does not a¤ect accident rates of movers that shirk the imposed incentive e¤ects of the new insurance pricing scheme.
Introduction
In 1992, the Tunisian government put in place a bonus-malus scheme for automobile insurance rating in order to increase road safety. The bonus-malus
We acknowledge …nancial support from FQRSC and SSHRC. y Canada Research Chair in Risk Management, HEC Montréal, CREF, CIRRELT, and CIRPÉE; e-mail: georges.dionne@hec.ca.
z Corresponding author: Institute of Applied Economics, HEC Montréal, CREF, and CIRPÉE. Corresponding address: Institute of Applied Economics, 3000, chemin de la Côte-Sainte-Catherine, Montréal, Canada, H3T 2A7; e-mail : benoit.dostie@hec.ca. scheme links insurance premiums to past reported accidents at fault. Usually, such a system can have two e¤ects when the insurance industry is committed to its application (Dionne and Vanasse (1990) ; Abbring, Chiappori, and Pinquet (2003) ; Dionne, Pinquet, Maurice, and Vanasse (2007) ):
1. It can motivate drivers to be more prudent because past claims are associated with an increased insurance premium in the future (moral hazard); (Shavell (1979) ).
2. It can improve risk-classi…cation by allowing insurance companies to make bad risk pay more and good risk pay less (risk classi…cation); (Crocker and Snow (1986) ).
In this article, we are more concerned with the incentive e¤ect of the bonus-malus. The main objective is to evaluate whether the Tunisian reform was successful in decreasing the number of automobile accidents. There are reasons to believe that the reform was not entirely successful. This is because the reform has a ‡aw. The bonus-malus system implemented by the Tunisian government ranks drivers on a scale from 1 to 17 according to the number of accidents they had, 17 being the worst score. However, the new law indicates that if an individual changes insurance company, he must have a written proof of his previous score if he wants to keep it. Without such a proof, he is awarded score 14. This gives an incentive to bad risks or to individuals with score 15 or higher to switch insurance company in order to bring back their bonus-malus score to 14. Thus the reform might encourage mobility between insurance companies or reduce insurance contract duration.
If this e¤ect is important, it is then likely that the reform will be less e¤ective on road safety than expected. Dionne and Ghali (2005) show that the reform has no e¤ect on accidents but they have not taken into account contract duration. They take into account any potential selectivity bias by estimating selection equations. They show that the reform had a positive e¤ect on the Exit decision and no e¤ect on the Entry decision. For technical reasons, they did not estimate jointly the three decisions (Accident, Entry, and Exit) and limited their simultaneous analysis to reported accidents and exit decisions. They choose to model the exit decision because the reform seems to have had no e¤ect on entry decisions (Verbeek and Nijman (1992); Dionne, Gagné, and Vanasse (1998) ). However, their model of exit decisions does not take into account the fact that the data on contract duration is right-censored. Moreover, times and states before the contract period is not taken into account (left-censoring).
This methodology choice may have e¤ects on the estimation results.
In this paper, we estimate the joint distribution of accident rates and contract duration. Analyzing contract duration instead of entry and exit decisions simpli…es the estimation of the model (two equations instead of three) and permits to take explicitly into account censoring. Moreover, our model allows us to explicitly test whether individuals whose propensity to have accidents is higher also have higher mobility. This is done by exploiting the longitudinal structure of the data.
The article is organized as follows. Section 2 presents the data and Section 3 describes the statistical model by focussing on contract duration. The empirical results are presented in Section 4 and a short conclusion follows.
Data
To evaluate the impact of the reform, we have at our disposal a random sample from the portfolio of a private insurer covering …ve years from 1990 to 1994. This data come from Dionne and Ghali (2005) . This private insurer has a 7% market share in the Tunisian domestic insurance market. The sample comprises 46; 337 observations on 25; 366 individuals. Hence, individuals are observed over 2:7 records on average but almost two thousand individuals are observed for the whole …ve years.
We note that those who stay had on average less accidents than people observed less than …ve years (6:3% versus 7:3%). The variables available in the data set are the exact same ones available to the insurer : sex of the insuree, type of automobile, geographic location, and type of insurance coverage. We know the exact date of all accidents. We also know the exact dates for entries and exits if an individual purchased an insurance contract after 1990 or exited its contract before 1994. For people present in 1990, we do not know if they were with the same insurer previously, a situation known as left-censoring. Similarly, for people with a contract in 1994, we do not know whether they will continue their insurance contract with the insurer, a situation known as right-censoring.
( Table 1 here) Table 1 describes the variables of the study while Table 2 presents their summary statistics over the …ve years. From Table 2 , we observe that more than 80% of insureds are male. The horsepower of the car does not represent any unusual property nor the country origin of the car where more than 60% come from France and 28% from Germany. The insurance coverage variables need to be discussed. We observe that more than 80% of drivers buy the …re and the theft protections while only 2% hold the damage coverage. We must emphasize that liability insurance is compulsory for all automobile owners.
It seems that damage insurance is very expensive and not felt as necessary by the insureds. The bonus-malus scheme is based on reported accidents at fault and information from other accident types does not a¤ect the insurance premiums.
( Table 2 here)   Table 3 describes the accident distribution over the …ve years of the study.
The new bonus-malus scheme was introduced on January 1, 1992. Before that date, the insurance premium was not a function of past accidents. The …rst changes in premium based on past experience occurred after January 1, 1993, when the contracts come up for renewal. So we consider that the incentive scheme becomes e¤ective by January 1, 1992 since the rational insureds start anticipating its e¤ects on the premiums at this date.
With the new bonus-malus scheme, the third-party insurance premium is adjusted by a multiplicative factor increasing or decreasing according to the past experience. The premium is decreased by 5% if the policy holder has reported no accident at fault during the last year. The policyholder's premium is raised by 10% for one reported accident, 30% for two reported accidents, and 100% for more accidents reported (see Dionne and Ghali (2005) , for more details). So we must observe, after 1992, more incentive for road safety with the new pricing scheme.
Indeed, the data in Table 3 seems to support a decrease in accident rates over time, more particularly after 1991. Since only at fault accidents involving another party are included, the under reporting of accidents should be not important because the other party has advantage to obtain compensation. But the bad risks (those with a bonus-malus score higher than 14) may have an incentive to change insurer or reduce their contract length in order to maintain their premium as low as possible. Unfortunately, we do not have information on bonus-malus scores.
( Table 3 here)
Statistical model
In order to evaluate the impact of the Tunisian reform, we estimate a simultaneous model of contract length and accidents. It is necessary to take into account insuree's mobility because is it possible that the reform had an e¤ect on both at fault claims and entries and exits. Indeed, as already discussed, the number of reported accidents at fault seems to decrease over time. Moreover, the average presence of a policyholder over the 5-year period is 2.73 years: 43 percent of policyholders entered the insurer portfolio over the 5-year period while 40 percent choose to exit. These exits and entries are more accentuated after 1992. For example, in 1991, 32 percent of subjects were new clients while 37 percent left at the end of the contract year. In 1993, the corresponding numbers were 49 percent and 43 percent, respectively.
We use a Poisson distribution with random e¤ects to model the number of reported accidents at fault by the insured person and an exponential distribution for the length of the relationship between the insured person and the insurer. We refer to the duration of the relationship as contract duration even though the decision to continue the contract is theoretically made on a yearly basis. We discuss the speci…cs of each equation next.
Accidents
The Poisson model applies to processes for which the outcomes are counts.
Our dependent variable is the cumulative number of accidents per period.
Typically, a contract between an insurer and an insuree lasts a year but many contracts have duration less than one year for unexplained reasons. It is necessary to use a count model instead of a dichotomous variable model because the reform is anticipated to have a bigger impact on bad risks, i.e. 1 We use the correct reparametrization of to take into account such contracts. people more likely to have more than one accident. Let this number of accidents for person i at period p be y ip , then the conditional probability distribution is written as
y ip ! ; i = 1; :::; N ; p = 1; :::; 5
with the parameterization
where x ip is a vector of explanatory variables for period p (Hausman, Hall, and Griliches (1984); Gouriéroux, Monfort, and Trognon (1984) ). In the model with unobserved heterogeneity, we let ip depends on an individual speci…c e¤ect i that does not vary over time as follows
where i is assumed to be a normally distributed random e¤ect with variance orthogonal to covariates x ip . We can identify because of multiple observations on the number of accidents for the same individual.
Contract duration
Some insurance contract spells were in progress when the observation period began and we do not know their starting dates, a situation we refer to as left-censoring. It is common practice to drop those observations as it is perceived that they do not contain much information that can be exploited in empirical studies. Given that the proportion of left-censored spells is relatively large in our sample and our observation period is short, this solution is not very attractive in our case. Moreover, given the sampling process, it is clear that spells with longer than average full lengths are more likely to be in progress at the survey date, a phenomenon known as length-biased sampling (D'Addio and Rosholm (2002)). Note that the incorporation of those spells in the analysis is typically a very complex issue because of the fact that the entry rate into the initial state is unknown. However, in the special case of exponentially distributed duration, the density of left-censored corresponds to the density of non-censored spells. We therefore maintain this assumption for the rest of the paper.
More speci…cally, we assume contract duration t has density
We note that t i refers to the whole duration of the relationship between the insurer and the insuree. The corresponding survivor function is
and the hazard rate takes the simple form
In our application, the hazard rate is the conditional probability of moving given the past length of the contract. We model parameter ip as
where y ip is the dependent variable in the accident equation (the number of reported accidents at fault for individual i in period p.)
Estimation
Simultaneity between the two equations is introduced through a load factor on i and with the number of accidents from the Poisson regression appearing as a time-varying explanatory variables through on the probability of contract termination :
Note that we can test whether contract duration is exogenous in the accident equation by testing that the load factor equals zero. Moreover, the coe¢ cient estimates for indicates whether individuals who are more accident-prone (for unobserved reasons: i > 0) are more likely to switch insurer (if > 0) or more likely to stay with their current insurer (if < 0).
Given the nested structure of the problem, we can derive the likelihood function at the individual level and, assuming independence, take the product to get the sample likelihood. The full joint marginal likelihood for the ith person is given by:
where D i = 1 if we observe the complete contract duration and 0 otherwise and P i equals the number of periods insured i is observed. The full likelihood function is then simply the product over all individuals. Estimation is done by maximizing the marginal likelihood and integrating out the heterogeneity
Since a closed form solution to the integral does not exist, we use GaussHermite Quadrature to approximate the normal integral.
Results
The main results are presented in Tables 4 and 5 for parameter estimates on both accidents model and contract duration. Table 4 In order to test that interpretation, we present, in Table 5 , the results of two models where reported at fault accidents distribution and contract duration are estimated simultaneously. We observe that the reform has now a negative and signi…cant e¤ect on all clients and still no e¤ect on movers.
The main di¤erence between the results in the two tables resides in the introduction of the duration equations. It is interesting to observe that the parameter is statistically signi…cant in the speci…cation of the duration equations which indicates that the contract duration decision is endogenous.
Since the estimated is positive, we conclude that more risky individuals also have higher mobility. We also observe that the parameter is lower for the subcategory of movers. One interpretation is that there is more unobservable heterogeneity in the overall population of clients than in the population of movers (this can be seen from comparing the estimates for from Table 4 ).
But it is also expected that since movers are more accident prone, variation in i in this subgroup will have a lower impact on mobility decisions.
The control variables do not show surprising results. Male drivers are more risky and more mobile than female drivers; owners of cars with more horse power (8HP) are more risky and more mobile; those who buy damage insurance are also more risky and more mobile while those who buy theft coverage are more risky but less mobile.
( Table 4 here)
Conclusion
The object of this paper was to analyze how the introduction of a bonusmalus scheme in automobile insurance pricing a¤ects incentives for road safety. Under moral hazard and full commitment of the insurance industry, pricing insurance on past accidents experience should reduce accidents.
The bonus-malus studied has a ‡aw in the sense that bad risks (movers) escape higher premiums simply by changing insurer. Indeed we obtain that this bonus-malus scheme has no e¤ect on accidents for movers although it reduces the number of accidents for all clients in the portfolio. We should emphasize that movers represent more than 75% of the insurer portfolio. 
